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ABSTRACT 
All UAE banks perform the dual role of intermediaries for both the money and capital 
markets. They are entering a crucial stage of banking development towards global 
competition with new banking laws imminent and the Basel II Capital accord being 
effective by December 2006. Within a challenging climate of financial transparency and 
limited data availability, this research provides a benchmark and a unique league table 
of efficiency performances between 1998 and 2003 for comparative analysis between 
local banks in the UAE for present and future operational policymakers and researchers. 
This study offers an analysis and insight into UAE local banks, in one of the world's 
fastest growing financial sectors. The study sets out to answer several important 
questions. First, are the record profits, enjoyed by local banks, consistent with best­
practice or do they conceal inefficiencies? Second, has productivity improved during 
the period of rapid assets growth and profitability? Finally, does size matter, that is, are 
bigger banks more efficient? 
The relative efficiency of UAE banks is measured through a construction of a series of 
productivity and efficiency measures. Consequently important insights and a richer 
understanding of the sources of improvements in bank performance are gained. This 
research reveals whether these efficiency performance measures are explained by 
structural factors such as the size of the banks (total assets), profitability, earnings per 
share (EPS); market power, risk, or capitalisation (total equity). 
Despite the vast amount of research in the areas of efficiency measures of industrialised 
countries' banking sectors, the Middle East, and in particular the UAE, remain 
relatively under researched in comparison. This research empirically investigates 
annual reports of the UAE local banks since 1998, thereby identifying and emphasizing 
the 'best practices' associated with high efficiency measures. 
Despite overall growing profits in the banking sector, results reveal evidence of over­
banking and cost inefficiency by the sector as a whole and several banks in particular. 
The results suggest that some regulatory and not managerial policies may be responsible 
for poor cost efficiency results. The research reveals wide efficiency disparities 
amongst the UAE local banks, showing distinct economies of scale advantages for the 
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five largest banks over the remaining local banks. Profits are high, but their efficiency 
levels are not always high. Use of the Tobit Regression Model identifies market 
concentration and over-banking as two of the contributory factors towards poor 
efficiency results of some banks. The results of this research raise the important policy 
question, what do less efficient banks need to do to enhance their prospects for 
sustainability post December 2006? 
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1.0 Introduction 
Behind a background of weak global economic activity, corporate scandals, and 
political uncertainty, 2003 presented enormous challenges to the world-banking sector. 
Weak corporate earnings, slumping equity markets and serious concerns over 
deteriorating credit quality have all combined to push consumer confidence in the 
biggest economy of the world, USA, to a nine year low. The World Trade Organisation 
(WTO) recommendations for recovery and future survival for global money market 
members are reforms in transparency procedures and more efficient operational 
practices embodied in the Basel II capital accord by December 2006. 
Despite the negative repercussions of the global recession, the banks of the United Arab 
Emirates (UAE) have generally remained protected. The transformation of the Gulf 
region's economies from subsidence economies to global economies has been witnessed 
over the past four decades. Their rapid growth has, and remains dependent on its 
revenue from exports of oil and natural gas resources. Oil represents a very large 
portion of export earnings and budget revenues through recent diversification into non­
oil sectors have also boosted their economies. The success of these industries has 
allowed these banks to accumulate substantial wealth. 
The UAE's banking industry is maturing and moving closer to western models, where 
banking is perceived as a package of services, which go beyond mere lending. However 
important questions arise as to whether the UAE banks are competitive and therefore 
efficient or whether the domestic market accommodates a concentration of too many 
banks dominated by a few. Some bankers argue that 46 banks serving nearly three and 
a half million people and with a GDP of 71 billion US dollars are ample. Before 1946, 
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no banks existed in the country. Others may advocate that the number of banks is 
irrelevant, provided they achieve profitable operations and adequate rates of growth. 
Moreover, some bankers argue that each bank is catering to its select clientele and 
market niche, and all the operations are currently profitable. 
The peculiarity of the social structure together with a national drive for economic 
growth and reform, financed by a seemingly unending flood of increasing oil revenue, 
has bestowed a great importance on the UAE banking sector. The UAE is unusual in 
that approximately 80 per cent of its population is expatriate and the foreign labour 
accounts for more than 90 per cent of the workforce, who regularly transfer their 
remittances to their home countries. In the UAE expatriate remittances were estimated 
to be US$4.5 million for the year 2002 (Kawach, 2004). In an economy of high per 
capita income, and high margin of savings, market profitability expectations from the 
UAE banking system continue to be abnormally high with an anticipated 20 per cent 
gain, on a year on year basis. Within an environment of historically low interest rates, 
together with the emergence of new products and services moving towards western 
practices, as well as the international convergence of securities, investment banking and 
even insurance products, the UAE banks now face vital challenges to sustain these 
historical record-breaking profits. The financial enterprise sector achieved the highest 
growth rate in 2003 compared to all other non-oil sectors. Regulations are slowly 
broadening to encourage investment, equity and property ownership to non-nationals. 
Nevertheless, the challenges remain for banks to develop many profitable investment 
opportunities outside the limited scope of real estate, trade and stock market activities. 
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The 46 banks in the UAE in 2003 are divided into 21 local banks and 25 foreign banks. 
These banks are the central financial intermediaries for the vast oil-based wealth of the 
ruling families and ever-growing source of capital investment within the country. The 
UAE have the second largest banking sector in the Arab world after Saudi Arabia in 
terms of assets and capital. The local banks account for more than 76 per cent of the 
total assets of all banks in the UAE, standing at more than US$69 billion in December 
2003 (Central Bank of the United Arab Emirates, 2003). For a relatively small 
population, the UAE have a large number of banks as well as branches. The local 
banks have a total of 310 branches, an average of 15.7 per bank. The foreign banks 
have 4.5 branches per bank. Under the protection of domestic regulations, local banks 
hold the bulk of the capital since foreign institutions are required only to keep a 
minimum capital of US$10.9 million on the grounds they are operating as branches in 
the UAE. 
All UAE banks attract funds since they perform the dual role of intermediaries for both 
the money and capital markets. In the absence of a developed corporate bond market, 
funds that would have otherwise channelled into equity and bond markets have 
traditionally accumulated substantial bank deposits. In particular, local banks have 
maintained a strong and robust financial position enjoying the unique luxury of high 
income from limited non-interest bearing accounts protected from foreign competition, 
but global developments could reverse this in absence of reforms. Local banks have a 
clear advantage. Foreign banks pay 20 per cent corporate tax on profits generated out of 
their UAE operations, while local banks are exempt. Foreign banks are further limited 
by currency ceilings, and the number of branches and automatic teller machines 
(ATMs) they are allowed within the UAE. In addition, foreign ownership in a UAE-
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registered bank cannot exceed 49 per cent. The elected or legally appointed board of 
directors should also contain a majority of nationals, including the chairman. 
UAE banks are now entering a crucial stage of banking development towards global 
competition. A new banking law, originally anticipated in 2003, is currently under 
review and is expected to fully liberalise the financial and banking sectors in the UAE. 
In addition, the implementation of the three pillars of the Basel II capital accord, 
(solvency ratio, market discipline and supervisory action), becomes effective in 2007. 
This will demand that banks (world-wide) have the technology to capture, report and 
store data, and determine the minimum level of capital required. The effect will 
improve data transparency and expose banks to public scrutiny and change the profile of 
risk assessment and traditional operational management practices in banking. Under the 
implementation of the WTO agreement on the liberalization of financial services, 
discrimination between locally and foreign owned banking institutions operating in the 
UAE should disappear. With no restrictions on entry of foreign banks, the booming 
market should move towards a more competitive level playing field, as a result of 
growing global competition. 
It is against this backdrop that serious questions emerge concemmg the relative 
efficiency of the UAE local banks compared to their profitability. Are UAE banks as 
efficient as profits indicate? Or are the profits concealing underlying productivity 
inefficiencies? The aim of this research is therefore to answer these questions. In order 
to do this a series of productivity and efficiency measures are constructed. To this end, 
the relative efficiency of UAE's local banks is measured. Consequently important 
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insights and a richer understanding of the sources of improvements in bank performance 
may be gained. 
An important contribution of this research is the creation of a data set, which enables the 
analysis of relative efficiency to be undertaken. At present there is no single transparent 
source of UAE bank performance indicators. This data set was constructed carefully 
over a long period and the data of each bank was obtained with difficulty from each of 
the banks included in this study. For example, Commercial Bank International has not 
yet publicly released 2003 annual reports. Nevertheless, through persistence, relevant 
data were acquired for this research. Within a challenging climate of financial 
transparency and limited data availability, the contribution of this research provides a 
benchmark and a unique league table of efficiency performances between 1998 and 
2003 for comparative analysis between local banks in the U AE for present and future 
operational policymakers and researchers. This research therefore offers recent analysis 
and insights into UAE local banks, in one of the world's fastest growing financial 
sectors. 
Despite the vast amount of research in the areas of efficiency measures of industrialized 
countries' banking sectors, the Middle East, and in particular the UAE, remain 
relatively under researched in comparison. This research is a unique opportunity to 
collect, collate and empirically investigate annual reports of the UAE local banks since 
1998. This can thereby identify and emphasize the 'best practices' associated with high 
efficiency measures. 
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The methodologies employed in this research are Data Envelopment Analysis (DEA), to 
estimate a variety of efficiency measures of each bank, and the Malmquist index 
analysis, using panel data, to estimate bank total factor productivity change over time. 
The UAE banks are largely compliant with International Accounting Standards (IAS) 
since 1998. These data from annual financial reports are used. Sixteen UAE banks are 
analysed from 1998 and 2003. The banks represent all non-Islamic, locally owned 
banks in the UAE. The National Bank of Sharjah has been omitted from this analysis 
since converting to Islamic finance in 2002. Dubai Bank was only established in 
September 2002 and therefore has not been included in this research. The Islamic banks 
and 25 foreign banks are not included for reasons of limited availability of data and/or 
different financial procedures to regulatory compliance and dissimilar environmental 
factors for statistical comparison. 
The research is structured as follows: Section 2 provides a literature review; Section 3 
explains the data; Section 4 describes the conceptual framework; Section 5 reports and 
discusses the analysis and empirical results; and Section 6 provides concluding 
observations. 
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2.0 Literature Review 
The efficiency performances of banks in all economies are seen as an important factor 
of future economic growth. Research within this area is of crucial importance, 
particularly for emerging economies such as the UAE. The research literature on 
efficiency and productivity performances of financial institutions is vast, especially for 
the banking sector, though the availability of data limits most research to the North 
American region. 
2.1 Data Envelopment Analysis 
There are two main approaches to measure bank efficiency, the parametric approach 
and non-parametric approach. Berger, Hunter and Timme, (1993) and Berger and 
Mester (1997) provide a detailed survey of these methods. The parametric approach 
uses specification and econometric estimation, while the non-parametric approach also 
known as Data Envelopment Analysis (DEA), uses linear programming to create an 
efficiency frontier identifying sub-optimal performances relative to the most efficient 
unit. The DEA provides an integrated method for performance assessment, which 
computes a single measure of performance based on multiple outputs and inputs. The 
method compares each producer with the "best" producer. It assumes that the efficiency 
point on the frontier attained by the best performing producer, is also attainable by the 
rest of the sample. The distance from the frontier quantifies the relative inefficiency of 
the rest of the sample to the most efficient bank. 
Results from studies using the DEA approach to measure banks' performances are 
mixed depending on the country and period of sample studies. Some report that banks 
are generally inefficient in performance, although small banks perform better than larger 
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banks (Elyasiani & Mehdian, 1990; Ferrier & Lovell, 1990; Noulas, 1997). Other 
studies purport that large and profitable banks have higher levels of technical efficiency 
than smaller and less profitable banks (Berger & Mester, 1997; Miller & Noulas, 1996). 
Research of the banking sector of the Economic Community (EC) report European 
banks vary in efficiency (Casu & Molyneux, 2000). Fukuyama (1996) concludes that 
size is not an important factor for Japanese banks to perform efficiently. Later, Drake 
and Hall (2003) show evidence of scale efficiency and the justification for large scale 
mergers in Japanese banks. In contrast, Mendes and Rebello (1999) show that increased 
competition in Portuguese banks did not lead to a better overall performance in costs. 
They suggest there is no clear relationship between size and cost efficiency. Research 
by Rezvanian and Mehdian (2002), suggests that there are economies of scale for small 
and medium size Singaporean banks. This contrasts with North American and UK 
banks, since economies of scale are associated with large banks. These banking studies 
underline the growing popularity of Data Envelopment Analysis (DEA), and the 
valuable future operational policy implications to banking sector performances. This 
research undertakes an analysis of UAE local banks using data from annual reports 
adopting a non-parametric technique of measurement of Pareto efficiency, that is, DEA. 
Another approach to evaluating efficiency performance has developed alongside DEA, 
which is an econometric technique to estimate a parametric frontier. Resti (1997) tests a 
common panel of 270 Italian banks using both approaches, while Berger and Humphrey 
(1997) surveys results from 130 studies of financial institutions within 21 different 
countries which applies five different frontier approaches - two nonparametric and three 
parametric frontier models. It was found that results from using the two approaches do 
not differ dramatically based on the same data and conceptual framework. 
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Frontier analysis allows individuals with very little institutional knowledge or 
experience to select 'best practice' entities within an industry, or branches within an 
entity, and assign numerical efficiency values to identify areas of input overuse and/or 
output underproduction. They can then relate these results to questions of government 
policy such as the effects of mergers and acquisitions for possible use in antitrust policy. 
They can also relate these results to academic research interest. Frontier analysis also 
allows management with sufficient institutional background to identify areas of best 
practice within their operations. The internal performance of an entity can often be 
enhanced beyond that possible with its own benchmarking procedures (Berger & 
Mester, 1997). 
Research of U AE banks has been somewhat limited due to accessibility of data from 
individual banks. Limam (2001) researches 52 Gulf Co-operation Council (GCC) 
banks which includes the UAE banks between 1997 and 1999. He uses two different 
methods. First, the DEA to measure total efficiency under constant returns to scale 
assumption. Secondly, a parametric approach: the Fourier-flexible stochastic cost 
frontier to measure X-efficiencies and economies of scale, to address the question of 
whether the bank is operating at the minimum of its long-run average cost curve. The 
results show that larger bank size and higher share equity capital in assets are associated 
with better efficiency. Overall his results recommend an "efficiency-enticing regulatory 
framework" such as mergers, to better use resources. 
More recently Rao (2003) uses only the stochastic cost efficient frontier approach 
based on a multi-product Translog cost function with a Fourier-flexible transformation 
estimation. He uses data between 1998 and 2000 for 35 local and international banks 
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operating in the UAE. Within this limited data set he detects a relative decline in the 
cost inefficiency estimates in small banks in 2000 compared to 1998, and an 
improvement through increasing returns to scale. 
Importantly, this current study builds upon the useful insights obtained by Limam 
(2001) and Rao (2003) . However, this study improves on these two studies in two 
important respects. First, this study provides calculations for a more comprehensive 
range of levels-based efficiency measures and thereby greater insight into the sources of 
inefficiency where it occurs. Second, and more important, this study constructs a panal 
data set to calculate efficiency measures· over time. The panel data enables the 
calculation of the change-based Malmquist Index thereby providing insight into the 
extent of productivity change during a period of rapid banking sector growth. 
2.2 Limitations 
DEA is sensitive to the combination of inputs and outputs, therefore the selection must 
be made with care so that the analysis is useful. Although care may be taken with the 
selection of inputs and outputs, others may not agree with the variables selected. When 
inputs and outputs are chosen carefully, the resulting information can assist examiners 
of the data as an early-warning alternative management tool to better measure and 
understand the efficiencies of banking performances (Yeh, 1996). 
DEA assumes that errors in measurement and 'statistical noise' do not exist, which 
means that the frontier is sensitive to extreme observations and measurement errors, and 
deviations from the frontier indicate inefficiency rather than a random error. However, 
DEA avoids the pitfalls of the one-ratio-at-a-time approach of common ratio analysis, 
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and the availability of user-friendly DEA software makes this approach attractive to 
financial analysts (Berger & Mester, 1997; Feroz, Kim, & Raab, 2003). 
Further, the sample size for analysis should be greater than the product of inputs and 
outputs to be able to discriminate between the units. Therefore, when the number of 
banks within a country is small, a DEA analysis can only be carried out when the 
number of inputs multiplied by the number of outputs does not exceed the number of 
banks to be evaluated (Feroz et al., 2003). 
2.3 Summary 
Investigation of efficiency performances within the banking industry has entered a new 
and exciting phase due to the work of Chames et al. (1978) and Banker et al. (1984) and 
the development of their nonparametric approaches to the measurement of efficiency. 
The banking studies underline the growing popularity of DEA. Being able to determine 
performance inefficiencies and the underlying factors causing these inefficiencies will 
have policy implications for industries. It will be of particular benefit to banks in new 
or emerging countries that are entering the global markets and the WTO, such as the 
UAE. This research attempts to identify whether some larger profit-making banks may 
not be as cost or technically efficient as the smaller banks. With increasing transparency 
of information and growing exposure to foreign competition, UAE banks, both large 
and small, may now be forced to consider merging to sustain their future profitability. 
DEA efficiency scores are measured and the hypotheses that larger banks are not as cost 
or technically efficient as smaller banks is tested. 
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3.0 Data 
In order to create the efficiency measures a data set was created. The data was extracted 
carefully from the annual financial reports 1998 to 2003 of 16 non-Islamic UAE local 
banks. Non-Islamic UAE banks were excluded from this study due to the difference in 
the banking methods used in these banks. These annual reports of the local UAE banks 
were not always readily or easily obtainable and considerable effort was needed to 
obtain the information to create the data set. The data was extracted from individual 
annual reports collected from each bank. The data sample starts from 1998 when UAE 
local banks first adopted International Accounting Standards. The availability of annual 
reports are not always immediately accessible to the general public at the end of the 
financial year, consequently the most recent data for this research was 2003. 
The information in financial statements provides a valuable empirical resource. 
Informed decisions about the allocation of scarce resources depend on the performances 
of organizations. The information resulting from the evaluations can be used to inform 
government policy by assessing the effects mergers, deregulation or market structure 
have on efficiency performances. It can also be used to improve managerial 
performance by identifying and encouraging 'best practices' associated with high 
efficiency measures. It can further address research issues such as being able to 
describe the efficiency of the banking industry, being able to rank institutions according 
to their performance or understand how different efficiency techniques produce 
comparable efficiency measures. 
All variables are converted to United States dollars using the end of year exchange rate. 
The central bank seeks to maintain the dirham/dollar exchange rate, which has not 
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changed since 1980. Table 1 presents the summary of the descriptive statistics: total 
assets and liabilities, and the variables: output, input and input costs for the period 1998 
to 2003. 
TABLE 1: DESCRIPTIVE STATISTICS OF 16 UAE LOCAL BANKS 1998-2003. 
Year 1998 1999 2000 2001 2002 2003 
Mean Mean Mean Mean Mean Mean 
(Std. Dev.) (Std. Dev.) (Std. Dev.) (Std. Dev.) (Std. Dev.) (Std.Dev.) 
Outputs US$mil1ions US$mi11ions US$mil1ions US$mil1ions US$mil1ions US$mil1ions 
1390.41 1481.19 1530.82 1611.00 1913.03 2290.65 
Loans (1545.43) (1570.22) (1651.78) (1720.34) (2061.54) (2386.15) 
210.40 224.35 292.19 430.36 507.15 604.11 
Investments (405.61) (417.94) (489.38) (720.35) (900. 73) (1071.05) 
Inputs 
719 720 721 716 729 770 
Labour (739) (709) (674) (639) (624) (643) 
597.92 683.07 623.85 753.34 1203.81 1602.35 
Capital (710.59) (778.52) (766.65) (967.85) (1639.47) (2057.25) 
2123.50 2180.87 2414.75 2643.13 2819.51 3101.10 
Deposits (2465.20) (2385.40) (2695.26) (2649.31) (3004.79) (3237.28) 
Input 
Prices 
0.031186 0.033398 0.033977 0.034332 0.037966 0.04174 
PL (0.007456) (0.008137) (0.007305) (0.011221) (0.008329) (0.011358) 
0.013901 0.017924 0.015028 0.034904 0.008211 0.006488 
PK (0.010473) (0.023984) (0.009773) (0.082382) (0.005284) (0.003875) 
PD 0.042269 0.040519 0.047705 0.034882 0.01702 0.012553 (0.00638) (0.006687) (0.009126) (0.008653) (0.004331) (0.003583) 
Total 2587.99 2348.40 2947.34 3115.15 3463.36 3830.13 
Assets (2909.68) (2757.64) (3161.70) (3222.13) (3600.04) (3880.01) 
Total 2236.13 2202.69 2516.06 2648.64 2955.80 3259.25 
Liabilities (2615.83) (2496.13) (2796.61) (2802.41) (3127. 70) (3399.44) 
PL = price of labour; PK = price of capital; PD = price of deposits. See text for more information. 
Using the intermediation modeling approach, banks are treated as financial 
intermediaries that combine the inputs: deposits, labour and capital (factors of 
production) to produce the outputs: loans and investments. These input variables are 
defined as: total number of full-time employees (labour), deposit liabilities due to banks 
and customers deposits (total deposits), and non-current fixed assets (total capital). In 
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classical economic analysis, capital is viewed as fixed assets such as premises and 
machinery and not liquid (non current) assets. The addition of input prices is 
incorporated specifically to measure cost and allocative efficiencies. The unit price of 
labour is the total cost of all banks' employees (staff costs) divided by the total number 
of employees. The unit price of deposits is computed by the total interest expenses of 
deposits divided by total deposits. The unit price of capital is measured by the division 
of total capital by total expenditure on fixed assets ( depreciation and occupancy costs). 
Occupancy costs eg rent, is not always separately listed in notes to financial statements, 
in these cases only depreciation is used as expenditure on fixed assets. The two output 
variables are: total loans, (loans and advances to customers) and total investments, 
(value of all securities other than those held in the bank's accounts, i.e. treasury bills, 
government debt, bonds and investment securities). 
Choosing the appropriate definition of bank output is crucial for research into banks' 
efficiency performances. There is no consensus as to the explicit definition and 
measurement of banks' inputs and outputs. Generally, each definition of input and 
output carries with it a particular set of banking concepts which influence and limit the 
analysis of the production characteristics of the industry. The approach to output 
definition used in this research is a variation of the intermediation approach applied by 
Darrat et al. (2002). 
The descriptive statistics of variables used for the DEA show the average number of 
full-time employees of the 16 sample banks is 770 in 2003. The unit price of labour, 
that is, the price per person per year, is US$41,740 in 2003. The unit price of capital 
and deposits, respectively, is US$6,488 and US$1,255.30 in 2003. The trend for the 
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unit price of labour has increased with the increase in demand for staff. The unit price 
of capital is falling with improving information technology, reducing operating 
expenses and perhaps some competitive market pressure. The unit price of deposits is 
also dramatically falling over the period due to falling world interest rates. 
Although the UAE has a number of domestic and foreign banks, the reality is that it is 
highly concentrated in favour of domestic banks. Table 2 shows the ranked order of the 
sample banks by total assets, deposits, loans and profits. The dominant banks are Abu 
Dhabi Commercial Bank, Emirates Bank International, the Mashreq Bank, National 
Bank of Abu Dhabi, National Bank of Dubai, and Union National Bank. These six 
banks maintain the greatest proportion of money value in all categories compared to all 
banks in UAE, both foreign and local. Among the local banks, the dominant banks 
account for more than 70 per cent of total assets, and 67 per cent of capital and reserves. 
Local banks control more than 75 per cent of expatriate customers, with these 'expats' 
making up 80 per cent of the population. Local banks account for almost 80 per cent of 
loans and advances with the dominant banks controlling nearly 70 per cent of the entire 
market (Emirates Banks Association, 2Q03). UAE banks' deposits have escalated 
despite low interest rates partly due to. the upsurge in the domestic economy and partly 
due to sharp increases in the profits of listed companies. This has allowed banks to 
expand their lending activity, further stimulated by large demand for loans due to the 
strong business upswing. With the surge in world oil prices, bank funds available for 
loans and advances has extended their already, record-breaking profit levels. 
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Table 2 primarily identifies the ranking order of banks by size of total assets. National 
Bank of Abu Dhabi being the largest and National Bank of Umm Al Qaiwan, the 
smallest. The other three columns illustrate the ranking of each bank in each 
TABLE 2: 16 UAE BANKS RANKED BY ASSETS, DEPOSITS, LOANS AND 
PROFITS. 
2003 Locally owned banks* Assets Deposits Loans Profits 
National Bank of Abu Dhabi 1 3 15 6 
National Bank of Dubai 2 9 4 16 
Emirates Bank International 3 15 6 3 
Abu Dhabi Commercial Bank 4 11 5 7 
Mashreq Bank 5 7 8 9 
Union National Bank 6 4 11 1 
Commercial Bank of Dubai 7 8 9 4 
First Gulf Bank 8 12 12 11 
Arab Bank for Investment & Foreign Trade 9 5 7 8 
National Bank of Ras Al Khaimah 10 1 3 12 
National Bank ofFujairah 11 2 14 14 
Invest Bank 12 13 10 2 
Commercial Bank International 13 10 1 5 
Bank of Sharjah 14 16 13 10 
United Arab Bank 15 6 2 15 
National Bank of Umm Al Qaiwan 16 4 16 13 
*Banks ranked from largest (1) to smallest (16). 
category: deposits, loans and profits, respectively. Overall, the first six banks listed, 
clearly identify the most dominant banks in the sector. Despite these banks capturing 
more than 70 per cent of all total assets and 80 per cent of all total loans and advances, 
they are not necessarily the most profitable ! Union National Bank and Invest Bank 
being the highest-ranking banks in terms of net profit, and the National Bank of Dubai 
being the least profitable for 2003. Profitability increased sharply and brought about 
considerable improvement in shareholder value for the two former banks. For the 
National Bank of Dubai, the additional staff related expenses, including bonuses to staff 
to celebrate the bank's 40th anniversary, accounted for its lower 2003 net profits. 
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4.0 Conceptual Framework 
In order to answer the research questions identified earlier and in particular throw light 
upon the relative efficiency of UAE local banks, DEA was chosen as a suitable 
methodology. DEA calculates a firm's efficiency by transforming inputs into outputs 
relative to other organizations that provide similar services and use similar resources. 
With regards to the banking industry it examines the bank's function as a financial 
intermediary between customers who deposit funds and those who borrow funds. 
According to Elyasiani and Mehdian (1990) the inclusion of interest expenses on 
deposits and other liabilities within this approach, provides a more relevant data 
analysis of overall banking costs. Further, this approach categorises deposits as inputs, 
which improves quality considerations (Cummins & Weiss, 1998; Ferrier & Lovell, 
1990). 
4.1 Data Envelopment Analysis 
DEA is a mathematical programming methodology that was first developed as a result 
of pioneering work carried out by Farrell (1957). He defines a simple measure of a 
firm's efficiency and proposes that efficiency of a fim:i consists of two components: 
technical efficiency and allocative efficiency. Technical efficiency reflects the ability of 
a firm to obtain maximum output from a given set of inputs while allocative efficiency 
reflects the ability of a firm to use the inputs in optimal proportions, given their 
respective prices. These two measures are combined to provide a measure of total 
economic efficiency. Charnes, Cooper and Rhodes (1978) introduce the DEA approach 
and their research provides the basis for all subsequent developments in the 
nonparametric approach to the measurement of technical efficiency. In this model, 
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constant returns to scale are assumed which allows comparison of banks that may be 
considerably smaller or larger. 
DEA is a linear programming based technique for measuring the relative performance 
of organizational units or decision making units (DMU) such as banks, which share the 
same technology for similar targets (outputs) using similar resources (inputs). From the 
set of available data, DEA identify reference points (relatively efficient banks) that 
define the efficient frontier (as the best practice production technology) and measures 
the inefficiency of other points (relatively inefficient banks) that are below that frontier. 
The efficiency scores of banks vary between one (the most efficient) and zero (the least 
efficient). Compared with the regression analysis, DEA provides an alternative 
approach. 
The advantage of this technique is that it directly compares the most efficient bank 
against one or a combination of other similar banks. It does not require an assumption 
of a functional form relating to inputs and outputs. This technique is a non-parametric, 
deterministic methodology for determining the relatively efficient production frontier 
based on the chosen inputs and outputs of a number of banks. 
The two DEA models to be adopted in this research are: the Chames et al. (1978) CCR 
model which assumes input orientation and constant returns to scale and allows 
comparison of banks that may be considerably smaller or larger, as is the case in this 
sample; and the Banker, Chames and Cooper (1984) BCC model which assumes 
variable returns to scale and allows for the decomposition of the technical efficiency 
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into pure technical efficiency and scale efficiency. Scale efficiency reflects how much 
of the technical efficiency is attributed to the bank's returns from economies of scale. 
Using both models, six different efficiency measures are derived. Using the CCR 
model, the cost efficiency measures possible cost reductions that can be achieved when 
a bank is technically as well as allocatively efficient. Allocative efficiency assumes that 
the bank chooses the correct distribution of inputs given the input prices. It refers to the 
possible reduction in cost resulting from using the different inputs in optimal 
proportions to operate on the least cost expansion path. Technical efficiency measures 
the ability of banks to minimize costs and maximize revenues through the optimal use 
and distribution of resources, which assumes the bank is operating on the industry's 
efficient frontier. This refers to the extent the banks could reduce input costs for a given 
level of output or expand output for given levels of inputs. Technical efficiency can be 
measured by either the input-orientated model, (BCC), or the output-orientated model, 
(CCR). 
The input-orientated technical efficiency approach simply compares. the most efficient 
bank(s) and measures how much the less efficient bank(s) can proportionately reduce 
their input quantities without changing the output quantities produced. In Diagram 1, 
point B identifies the output along an expansion path of an individual bank given the 
input prices. Position A is technical efficient because it lies on the maximum output 
attained throughout the derived isoquant (or production function). Therefore, technical 
inefficiency for the firm can be represented by the distance AB, where excess inputs can 
be reduced without reducing output. Technical efficiency (TE) is geometrically 
identified as the distance OA/OB. Allocative efficiency (AE) is price efficiency and is 
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Labour Input 
Tsocost T .ine 
'-Expansion Path 
for one bank 
Isoquant (fixed 
number of Loans) 
Capital Input 
Diagram 1 :  Technical and Allocative Efficiencies - input orientated 
the distance OC/OA, while cost efficiency (CE) also known as economic efficiency or 
overall efficiency is the distance OC/OB (Coelli, 1996). To calculate the respective 
efficiency scores, DEAP software is used (Coelli, Rao, & Battese, 1998). 
Alternatively the output-orientated approach calculates how much the less efficient 
bank(s) can proportionately increase output quantities without altering the input 
quantities used. Referring to Diagram 2 the production possibility frontier (PP1) 
Labour Input 
p 
Production Possibility Frontier 
pl 
Capital Input 
Diagram 2: Technical and Allocative Efficiencies Output-Orientated 
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identifies the production possibility boundary of the most efficient bank. Positions 
below the frontier identify relative inefficiency, such as AB, which represents technical 
inefficiency. Technical efficiency is the amount that outputs could increase without 
needing any additional inputs. The measure of output-orientated technical efficiency is 
the ratio ONOB. This is equivalent to the input-orientated measure of technical 
efficiency under conditions of constant returns to scale. To achieve the higher level of 
revenue as at point C while maintaining the same input/output combination, output of 
the firm would need to be expanded to point D, a more efficient position (Coelli, 1996). 
Diagram 3 and Diagram 4 illustrate the two separate models used in this research. The 
advantage of the CCR model which assumes Constant Returns to Scale (CRS) allows 
comparison of banks that may be considerably smaller or larger, as is the case of this 
sample. This is not the case in the BCC model Variable Returns to Scale (VRS). The 
Technical Efficiency 
(TE) 
Cost Efficiency 
(CE) Input prices 
I I 
I I 
- - - - - - - - - - - - - - - - - - - T - - - - - - - - - - - - - - - - - - - -
,- - - - - - - -' 
I 
I 
I 
I . ... 
Overall Efficiency 
(OE) = (TE x AE) 
Allocative Efficiency 
(AE) = (CE/TE) 
Diagram 3:  CCR Models: Charnes, Cooper, Rhodes (1978), CRS 
output of the BCC model allows for the decomposition of the technical efficiency into 
pure technical efficiency and scale efficiency. By comparing the scores of technical 
efficiency using CRS and from using VRS, derives scale efficiency. Pure technical 
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efficiency is computed from the BCC model that allows variable returns to scale and 
hence eliminates the "scale part" of the efficiency from the analysis. 
Technical Efficiency 
(TE) 
I - - , 
Pure Technical 
Efficiency 
(PTE) 
Scale Efficiency 
(SE) 
Diagram 4: BCC Model: Banker, Charnes, Cooper (1984), VRS 
Based on the Charnes et al. , (1978) and Banker et al. , (1984) original models, the DEA 
model allows each bank to adopt its own set of weights, thus maximizing its own best 
possible efficiency in comparison to the other banks. Under these circumstances, the 
efficiency for a bank is determined as a maximum of a ratio of outputs to weighted 
inputs. The algebraic model for the DEA (input based) ratio form was derived from the 
original paper (Chames, Cooper and Rhodes, 1978) and is as follows: 
Iu,y"' 
maX h = _r=_I --c m 
" v  L...J l X
ij 
i=I 
(1} 
subject to -'-r=--'-�-- � 1; u,, v; � O; j = 1, . . .  , n, r = 1 . . .  , s ; i = 1, . . .  m., 
L V;Xu 
i=I 
where c = a specific bank to be evaluated; yrJ 
= the amount of output r from bank}; u, 
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= weight chosen for output r; vi = weight chosen for input /; n = number of banks; s = 
the number of outputs; m = the number of inputs. 
The objective function defined by he aims to maximize the ratio of weighted outputs to 
weighted inputs of the bank under scrutiny. This is subject to the constraint that any 
other bank in the sample cannot exceed unit efficiency by using the same weights. 
These weights are assumed to be unknown, and are derived through optimization. Such 
optimization is performed separately for each bank to compute the weights and the 
efficiency measure he 
The problem setting in (1) is a fractional program. This can be converted into linear 
program (LP) form by restricting the denominator of the objective function he to unity, 
and adding this as a constraint to the problem. The LP version of the fractional setting 
is shown in model (2) 
Primal 
Max he - L U,Y,e 
r=I 
m 
Subject to L vi Xie - l 
i=I 
m 
Ii vie xij � o  
r=I 
r = l, . . . .  ,s; i = l ,  .. . .  ,m ; and} = 1, .. . n 
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(2) 
The maximizing LP setting in (2) assumes CRS technologies. When the formulation 
constrains the weighted sum of the inputs to unity as in (2), and maximizes the outputs, 
this becomes an input-based efficiency measurement. 
One possible solution to the LP (the primal interpretation) in (2) is to formulate a dual 
companion. The dual formulation can be interpreted as finding the minimum proportion 
of inputs for the best practice level of production among the sample bank's resulting 
efficiency measure which gives a weighted combination of the performance of all banks 
to be computed. 
By denoting the input weights of bank c by (Jc and the input and output weights of 
other banks in the sample by A 1 the dual form of the maximizing problem is formalized 
as follows: 
Subject to (3) 
j = 1, . . .  ,n. 
The bank c is regarded as efficient if the ()c is equal to one and the slacks ( s� and s; )  
are zero. That is, if and only if, he = I with s�· = s;· = 0, for all c and}, where the 
asterisk denotes optimal values of the variables in the dual. These conditions are also 
the conditions for Pareto efficiency. When the bank is fully efficient, it is impossible to 
improve its observed values of input or output without worsening other input or output 
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values. The bank is regarded as inefficient if the B)s less than one and/or possesses 
positive slack variables. For these inefficient banks, the optimal values of Ai construct 
a hypothetical bank, which is formed by the subset of the efficient banks. The inclusion 
of L Ai - 1 as an extra constraint to the model (3), considers the VRS are used in the 
i=I 
production indicators to determine whether the banks are operating in a technically 
efficient way. 
4.2 The Malmquist Index 
Using panel data, a useful extension of the DEA framework is the Malmquist (Total 
Factor Productivity) Index which measures productivity change over time. The index is 
the product of two elements: the technical efficiency change which is relative to 
constant returns to scale and identifies how close a bank can get to the efficient frontier, 
catching up or falling behind; and secondly, technological change which identifies how 
much the benchmark production frontier shifts at each bank's observed input mix. A 
Malmquist Index that is greater than one, implies that total factor productivity has 
grown. Technological change and efficiency change indexes are derived under the 
assumption of constant returns to scale that is assuming the banks operate at optimum 
scale for cost minimisation. However, in practice, banks could face scale inefficiencies 
due to decreasing returns to scale or increasing returns to scale. Relaxing the constant 
returns to scale assumption, derives a more realistic variable returns to scale result. This 
decomposes the efficiency change index into two categories. The first, scale efficiency 
change, shows whether the movements over time of output are attributed to economies 
of scale resulting in proportional changes in costs. The second, pure technical 
efficiency change, measures the changes in relative efficiency levels over time, devoid 
of the scale effects, relative to variable returns to scale technology. 
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The Malmquist Total Factor Productivity (TFP) index measures the TFP change 
between two data points by calculating the ratio of the distances of each data point 
relative to a common technology. Following Fare et al. (1994), the Malmquist (output­
orientated) TFP change index between period s (the base period) and period t is 
calculated by: 
(4) 
Where d05(Yt, Xt) represents the distance from period t to period s, the change resulting 
from changes in technology. A value of m0 greater than one shows a positive TFP 
growth from period t to period s while a value less than one indicates a TFP decline. 
Diagram 5 shows a constant returns to scale technology involving a single input and a 
single output. The bank produces at the points D and E in periods s and t, respectively. 
In each period the bank is operating below the technology for that period. Hence there 
is technical inefficiency in both periods. Malmquist TFP index may not correctly 
y 
Ye 
Yb ······························ 
0 Xs X 
Diagram 5: Malmquist Productivity Indices 
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measure TFP changes when VRS is assumed for technology, therefore, it is important 
that CRS be imposed upon any technology that is used to estimate distance functions for 
the calculation of a Malmquist TFP index. If not, the resulting measures may not 
properly reflect the TFP gains or losses resulting from the effects of scale (Coelli et al., 
1998). 
4.3 Second-stage Tobit model 
Finally, the scores from the six efficiency measurements derived from the DEA (first­
stage) are then used as dependent variables to analyze separately what structural 
features may influence the respective efficiency performances of those banks (second­
stage). The aim of this research is to measure the relative efficiency of UAE's banks 
and to analyze what structural features may influence their calculated efficiency 
performances. DEA scores fall between the interval O and 1, making the dependent 
variable a limit ( censored) dependent variable, therefore making Ordinary Least Squares 
an inappropriate method for regression when a significant proportion of the efficiency 
scores are equal to one, the regression could predict scores greater than one. The 
standard multiple regression assumes a normal and homoscedastic distribution of the 
disturbance and the dependent variable; however, in the case of a limited dependent 
variable the expected errors will not equal zero. Hence, the standard regression will 
lead to a biased estimate (Maddala, 1983). The Tobit censored regression model 
(Tobin, 1958) is therefore used to accommodate the censored DEA efficiency scores. 
The DEA efficiency scores are then used as dependent variables. For this purpose, the 
standard Tobit regression model takes the form for observation i: 
y; = /J'x;+ A  
Y; = y; if y; >- 0, and 
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(5) 
Y; = 0, otherwise 
following the notation from Maddala (1983, p152) and reference to the standard Tobit 
model, where /3 is a k x 1 vector of unknown parameters and xi is a k x 1 vector of 
explanatory variables. The variable u; represents the residuals that are independently 
and normally distributed. The variable Yi is the DEA score. The likelihood function 
maximized in the Tobit model is the product of the probabilities of each inefficient bank 
being given a DEA score times the probability that a bank is efficient ( Yi = I ). The 
probability that each inefficient bank has a score is estimated by using the same normal 
density function applied in standard linear regression. 
The explanatory variables for each bank (i), banking structures are classified under five 
proxies: bank size, profitability, market power, risk and capitalization. The bank size is 
measured by the total assets (TA; ) and number of employees (STAFF;). Profitability is 
measured by the ratio net income to total assets ( NITA; ). Market (share) power ( MS; ) 
is the ratio of individual banks' total deposits to total deposits of all banks. Risk is 
measured by the capital adequacy ratio of total equity to total assets ( CA; ). The risk 
ratios act as proxies for banks' attitude to risk aversion. The greater the ratio, the higher 
the bank's capital and attitude to risk. The banks' capitalization is measured by the total 
equity ( TEQ; ). The banks may be less cost efficient the higher the banks' 
capitalization. The dependent variable Yi ,  represents the DEA score for each bank i. 
To investigate possible determinants of bank efficiency, the following hypothesis at a 
= 0.05 significance level are jointly tested: H o  : /31 2 3 4 5 6 = 0 and H 1 :  /31 2 3 4 5 6 -:t:- 0. , ' '  ' '  ' ' ' ' '  
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u; = represents the residuals that are independently and normally distributed. 
Exploring the determinants of inefficiency could assist in developing policies towards 
improving bank performance. It is worthwhile to note that the specification of the 
relevant variables is constrained by data availability. 
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5.0 Analysis and Empirical Results 
This research collates secondary panel data over six years, 1998 to 2003, from annual 
financial reports of the sixteen non-Islamic locally owned banks. The intermediation 
approach (banks are the intermediaries between those that deposit funds and those that 
borrow funds at the bank) of DEA is used. 
5.1 Data Envelopment Analysis 
The DEA is a linear programming technique for examining how a particular decision 
making unit (DMU, such as a bank) performs relative to other banks in the sample. As 
mentioned before, this technique creates a frontier by identifying the relatively more 
efficient banks and compares it with relatively less efficient banks. This analysis uses 
three input variables, their unit prices, and two output variables. The product of inputs 
times outputs in DEA application should optimally be less than the sample size (in this 
case, 16 banks), in order to discriminate among banks. Examples of DEA studies that 
also use small samples are: Avkiran, (1999) uses 16 to 19 for Australia; Darrat, et. al. 
(2002) uses eight for Kuwait; Giokas, (1991) uses 17 for Greece; Oral and Y olalan, 
( 1990) uses 20 for Turkey and Vassiloglou and Giokas, ( 1990) uses 20 for Greece. 
Using the DEA and panel data of 16 UAE banks for 1998 to 2003, efficiency measures 
are computed by the DEAP software (Coelli et al., 1998). Results for 2003 only, are 
shown on Table 3. The average allocative efficiency (AE) for all banks is 0.829 and cost 
efficiency is 0.682. Cost efficiency (CE) measures the possible theoretical cost 
reductions that can be achieved when a bank is technically efficient as well as 
allocatively efficient. The results show the average cost inefficiency of all banks is 32 
per cent (1- 0.682). This may be attributed to some UAE regulatory policy rather than 
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individual managerial policies. Given some degree of estimation, these results are not 
dissimilar to those reported by Limam (2001 ). In his paper he reports the mean of cost 
efficiency as 0.95, technical efficiency mean as 0.92 and scale efficiency as 0.89 
compared to 0.92, 0.85 and 0.93 respectively for this paper. Further analysis shows 
there is sufficient dispersion in the individual DAE bank scores to indicate some banks 
such as the National Bank of Ras Al Khaima (0.477) and National Bank of Dmm Al 
Qaiwan (0.387) are very cost inefficient. Although these banks are deemed financially 
sound, these and other local banks will have to increase their cost-effectiveness in order 
to retain their market share. 
These results identify that the DAE banking sector is segmented. There exists a 
concentration of five, high efficiency scoring banks: Abu Dhabi Commercial Bank, 
Emirates Bank International, Mashreq Bank, National Bank of Abu Dhabi, and National 
Bank of Dubai. The remainders show a wider disparity of relatively less efficient 
banks. This wide disparity between the efficiency scores of these banks suggests the 
presence of inefficiency due to over-banking and market concentration. Evidence 
presented in Table 3 shows that the larger banks are more cost efficient than the smaller 
banks. The average technical efficiency score of 0.819 shows the ability of banks to 
minimize costs and maximize revenues. These results further show that DAE banks do 
a better job utilizing available inputs of labour, capital and deposits than choosing the 
most efficient combination of the input mix as revealed by lower overall efficiency 
scores. The mean for the technical efficiency score of 0.819 compares most favourably 
with banks from many other countries cited by Berger and Humphrey (1997), using 
DEA, illustrated in Table 4. Nevertheless there are some relatively poor performers in 
the sample, such as the Arab Bank for Investment and Foreign Trade (0.5 16), the 
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National Bank of Ras Al Khaima (0.55 1) and the National Bank of Umm Al Qaiwan 
(0.5 18) who have scope for improvement in their technical efficiency. 
TABLE 3 EFFICIENCY SCORES OF UAE BANKS 
2003 
BBC Model YRS CCR Model CRS TE*AE 
UAE Banks PTE SE Returns TE* AE= CE OE CE/TE 
Abu Dhabi Commercial 1 .000 0.863 drs 0.863 0.740 0.638 0.639 
Bank 
Arab Bank for Investment & 0.618 0.835 irs 0.5 16 0.816 0.421 0.421 
Foreign Trade 
Bank of Sharjah 1.000 0.901 lfS 0.901 0.844 0.760 0.760 
Commercial Bank 0.91 1 0.982 drs 0.894 0.584 0.522 0.522 
International 
Commercial Bank of Dubai 0.809 0.903 drs 0.73 1 0.877 0.641 0.641 
Emirates Bank International 1.000 1.000 - 1.000 0.903 0.903 0.903 
First Gulf Bank 1.000 1.000 - 1.000 1.000 1.000 1.000 
Investbank 1.000 1.000 - 1.000 0.763 0.763 0.763 
MashreqBank 1.000 0.768 drs 0.768 0.699 0.536 0.537 
National Bank of Abu Dhabi 1.000 0.914 drs 0.914 0.692 0.633 0.632 
National Bank of Dubai 1.000 1.000 - 1.000 1.000 1.000 1.000 
National Bank of Fujairah 1.000 1.000 - 1.000 1.000 1.000 1.000 
National Bank of Ras Al 0.566 0.973 lfS 0.551  0.866 0.477 0.477 
Khaima 
National Bank of Umm Al 0.771 0.672 irs 0.5 18 0.747 0.387 0.387 
Qaiwan 
Union National Bank 0.963 0.842 drs 0.812 0.798 0.647 0.648 
United Arab Bank 0.660 0.959 irs 0.633 0.927 0.587 0.587 
Mean 0.894 0.913 0.819 0.829 0.682 0.682 
PTE = pure technical efficiency; SE = scale efficiency; TE= technical efficiency; AE= a/locative 
efficiency; CE = cost efficiency; OE = Overall economic efficiency. 
drs = decreasing returns to scale; irs = increasing returns to scale 
The difference between the 2003 means of the pure technical (PTE) and scale 
efficiencies (SE), 0.894 and 0.913, respectively, is relatively small. The size of the 
scores identifies the extent of the average efficiency of all banks. The difference of the 
scores, (0.019), distinguishes and quantifies the extent of the greater (or lesser) 
contribution of either economies of scale or pure technical reasons to their technical 
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efficiency. The efficiency scores are relatively high though the gap between the two 
means is negligible. Further insights into the performance efficiency results reveal the 
five largest local banks dominate the high scores. This research supports Drake and Hall 
(2003), in contrast to Fukuyama (1996), that powerful size-efficiency relationships are 
established to both pure technical and scale efficiency. The remaining smaller banks all 
show increasing returns to scale despite their wide inefficiencies scores. The least 
efficient banks, Arab Bank for Investment and Foreign Trade (TE = 0.551; PTE = 
0.618), National Bank of Ras Al Khaima (TE = 0.551, PTE = 0.566) show 
comparatively low technical efficiency scores due to low pure technical efficiency and 
not due to increasing returns to scale. These banks are also identified as some of the 
TABLE 4 TECHNICAL EFFICIENCY ESTIMATES 
Country 
Finland 
India 
Italy 
Italy 
Japan 
Japan 
Mexico 
Norway 
Norway 
Spain 
Spain 
Switzerland 
Turkey 
USA 
USA 
USA 
USA 
Mean 
Standard Deviation 
Minimum 
Reference 
Kuussaari andVesala ( 1995) 
Bhattacharyya et al. ( 1 997) 
Ferrier and Hirshberg (1 994) 
Resti ( 1995) 
Fukuyama (1993) 
Fukuyama (1995) 
Taylor et al. ( 1992) 
Berg ( 1992) 
Berg et al. ( 199 1 )  
Grifell-Tatje and Lovell (1997) 
Perez and Quesada ( 1 994) 
Sheldon and Haegler ( 1993) 
Zaim (1995) 
Aly et al (l 990) 
Barr et al. ( 1994) 
Devaney and Weber (1995) 
Elyasiani and Mehdian (1 990) 
Adapted from Berger and Humphrey ( 1997). 
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DEA Annual average efficiency 
estimate 
0.86 
0.86, 0.75, 0.79 
0.98 
0.74, 0.76, 0.74, 0.75, 0.73 
0.46, 0.46, 0.44 
0.46, 0.46, 0.44 
0.75, 0.72, 0.69 
0.62, 0.5 1 ,  0.57, 0.47, 0.49, 
0.68, 0.57 
0.8 1  
0.8 1 ,  0.85, 0.85, 0.84, 0.83, 0.84 
0.83 
0.56 
0.83, 0.94 
0.75, 0 .8 1  
0.75, 0.75, 0 .71  
0.73 
0.97, 0.95, 0.95, 0.96 
0.73 
0. 1 5  
0.24 
lowest ranked banks in terms of assets, deposits, loans and profits. Despite their record­
breaking profits, these banks will be vulnerable and exposed to future foreign market 
competition by 2007. Mergers of these banks with the smaller, more efficient banks, 
such as Invest Bank and First Gulf, may be one solution towards improving overall 
UAE banking performances and sustaining future profits. 
Important insights in the technical efficiency (pure and scale) as well as cost efficiency 
of UAE local banks is provided in Table 3. However to assist the analysis further, the 
indexes of Table 3 are used to create three valuable rank orders or "league tables" for 
each of technical efficiency, overall efficiency and cost efficiency. That is, individual 
scores of the technical and overall efficiency measures from 1998 to 2003 for 16 banks 
are ranked by size of their respective efficiency score. Table 5 shows technical 
efficiency and Table 6 the overall efficiency results and Table 7 shows cost efficiency 
results. The 'league' provides ranking of all local banks and their comparative 
efficiencies. Unity represents the highest ranking and most efficient ranked bank, while 
sixteen represents the lowest or least efficient bank. The annual ranked results are then 
converted to three-year moving averages in order to identify the trend of efficiency 
performances over time in their ranks and smooth out any particular year on year 
aberration in their annual scores. These three-year moving averages are written in 
italics and are also reported on Table 5, Table 6 and Table 7. 
Over the six-year period the "Big Five" banks achieved most of the highest efficiency 
scores , with the exception of the Mashreq Bank. The performance of the First Gulf 
Bank, Invest Bank, and the National Bank of Fujairah are impressive for comparatively 
smaller banks. Their relatively high profits in 2003 generally correlate with their 
efficiency scores. The data show that these comparatively smaller banks are effectively 
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TABLE 5: TECHNICAL EFFICIENCY LEAGUE TABLE 
BANKS 1998 1999 2000 2001 
1 1 1 1 Abu Dhabi Commercial Bank (I. OJ (I. OJ 
Arab Bank for Investment & 1 6  1 6  1 6  1 6  
Foreign Trade (16. 0J (16. 0J 
1 3  1 4  1 12  Bank of  Sharjah (9. 3J (9. 0J 
1 1 1 9 Commercial Bank International (I. OJ (3. 7J 
1 0  1 1  1 3  1 1  Commercial Bank of Dubai (JJ .3J (II. 7J 
9 1 1 2  1 Emirates Bank International (7.3J (4. 7J 
1 1 9 1 First Gulf Bank (3. 7J (3. 7J 
1 1 1 1  1 Invest Bank (4. 3J (4. 3J 
1 5  1 5  1 5  1 4  Mashreq Bank (15. 0J (14. 7J 
1 1 1 1 National Bank of Abu Dhabi (I. OJ (I .OJ 
1 1 1 1 National Bank of Dubai (I. OJ (I. OJ 
1 1 1 1 5  National Bank of Fujairah (I. OJ (5. 7J 
1 1  1 1 1 National Bank of Ras Al Khaimah (4.3J (I. OJ 
1 2  1 3  1 0  1 0  National Bank ofUmm Al Qaiwan (1 1. 7J (I I . OJ 
8 1 2  1 4  1 3  
Union National Bank (7. 7J (3.3J 
14  1 8 1 United Arab Bank (J J .3J (13 .0J 
The three year moving averages are italicised. 
The low figures show high ranked efficiency scores. 
The high figures show low ranked efficiency scores. 
2002 2003 
9 9 
(3. 7J (6. 3J 
1 6  1 6  
(16. 0J (16. 0J 
1 7 
(4. 7J (6. 7J 
1 1  8 
(7. 0J (9. 3J 
1 5  1 2  
(13. 0J (12. 7J 
1 1 
(4. 7J (I. OJ 
1 1 
(3. 7J (I. OJ 
1 1 
(4. 3J (I. OJ 
14  1 1  
(14. 3J (13. 0J 
1 6 
(I. OJ (2. 7J 
1 1 
(I. OJ (I. OJ 
1 1 
(5. 7J (5. 7J 
1 2  14  
(4. 7J (9. 0J 
1 0  1 5  
(JO. OJ (II. 7J 
1 3  1 0  
(5. 7J (12. 0J 
8 1 3  
(13.3J (7.3J 
competitive and efficient. For the Mashreq Bank, one of the "Big Five", the three-year 
moving averages of approximately 14 in all three tables is reported. This is a surprising 
outcome for such a dominant bank. It is therefore appropriate to conclude that in such a 
crowded market, some efficient local banks are not necessarily the largest banks. The 
First Gulf Bank and the Invest Bank are examples of such banks. 
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The statistical relationship between the technical scores, overall efficiency and cost 
efficiency (which includes input prices) from Table 4, 5 and 6, reveal a correlation 
coefficient of 0. 78. The interpretation of this coefficient shows the direction of all 
TABLE 6: OVERALL EFFICIENCY LEAGUE TABLE. 
BANKS 1 998 1 999 2000 
3 10  
1 
Abu Dhabi Commercial Bank (4. 7) 
Arab Bank for Investment & Foreign 1 5  16  
16  
Trade (1 5. 7) 
1 0  1 3  
1 
Bank of Sharjah (8.0) 
1 6  6 
4 
Commercial Bank International (8. 7) 
7 7 1 1  Commercial Bank of Dubai (8.3) 
6 1 
6 
Emirates Bank International (4.3) 
1 4 
9 
First Gulf Bank (4. 7) 
5 5 
5 
Invest Bank (5. 0) 
1 2  1 5  
1 5  
Mashreq Bank (14. 0) 
1 3  1 4  
1 2  
National Bank of Abu Dhabi (13. 0) 
1 1 
1 
National Bank of Dubai (1. 0) 
8 3 
10  
National Bank ofFujairah (7.0) 
9 8 
7 
National Bank of Ras Al Khaimah (8. 0) 
1 1  1 1  8 National Bank ofUmm Al Qaiwan (10.0) 
4 9 
1 3  
Union National Bank (8. 7) 
United Arab Bank 
14  1 2  1 4  
(13.3) 
The three year moving averages are italicised. 
The low figures show high ranked efficiency scores. 
The high figures show low ranked efficiency scores. 
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2001 2002 2003 
4 3 
(5.3) (5.0) (7. 7) 
1 6  16  1 5  
(16.0) (16.0) (15. 7) 
1 2  9 6 
(7. 7) (6.0) (7. 7) 
5 1 0  1 3  
(4. 7) (4. 7) (7. 7) 
1 1  14  
(10. 0) (1 1 .  7) (10. 7) 
3 5 4 
(3.3) (3.3) (2. 7) 
6 4 1 
(6.3) (5.3) (2. 7) 
8 7 5 
(6. 7) (5.3) (5.3) 
14  1 12  
(14. 7) (13.3) (12. 3) 
1 7 10 
(9. 0) (6. 7) (6. 0) 
1 1 1 
(1 .0) (1 .0) (1. 0) 
1 5  6 1 
(9.3) (10. 0) (7. 0) 
1 5  14 
9.3. 7) (1 1. 7) (14. 0) 
7 1 2  16  
(8. 7) (9.3) (12. 0) 
8 1 0  
(10. 0) (10.3) (8.3) 
1 1  1 4  1 1  
(12.3) (13.0) (12. 0) 
TABLE 7: COST EFFICIENCY LEAGUE TABLE 
BANKS 1 998 1 999 2000 
3 1 0  
1 
Abu Dhabi Commercial Bank (4. 7) 
Arab Bank for Investment & Foreign 1 6  1 6  
1 6  
Trade (16.0) 
1 1  1 3  1 Bank of Sharjah (8.3) 
7 6 4 Commercial Bank International (5. 7) 
8 7 1 1  Commercial Bank of Dubai (8. 7) 
6 1 6 Emirates Bank International (4.3) 
1 4 
9 
First Gulf Bank (4. 7) 
5 5 
5 
Invest Bank (5. 0) 
1 3  1 5  
1 5  
Mashreq Bank (14.3) 
1 4  14  
1 2  
National Bank of Abu Dhabi (13.3) 
1 1 
1 
National Bank of Dubai (1 .0) 
9 3 1 0  National Bank ofFujairah (7.3) 
1 0  8 
7 
National Bank of Ras Al Khaimah (8.3) 
1 2  1 1  8 National Bank ofUmm Al Qaiwan (10.3) 
4 9 
1 3  
Union National Bank (8. 7) 
1 5  1 2  1 4  United Arab Bank (13. 7) 
The three year moving averages are italicised. 
The low figures show high ranked efficiency scores. 
The high figures show low ranked efficiency scores 
2001 2002 2003 
5 9 
(5.3) (5.0) (7. 7J 
16  1 6  1 5  
(16. 0) (16.0) (15. 7J 
9 8 6 
(7. 7) (6.0) (7. 7J 
4 5 1 3  
(4. 7) (4.3) (7.3J 
1 2  1 2  
(10. 0) (1 1. 7) (JO. 7J 
3 1 4 
(3.3) (3.3) (2. 7J 
6 1 
(6. 3) (5.3) (2. 7J 
1 0  1 1  5 
(6. 7) (8. 7) (8. 7J 
14  7 12  
(14. 7) (12. 0) (I 1. 0J 
1 1 1 0  
(9. 0) (4. 7) (4. 0J 
1 4 1 
(1 .0) (2.0) (2. 0J 
1 5  1 4  1 
(9.3) (13.0) (JO. OJ 
13 1 3  
1 4  
(13. 3J (9.3) (1 1 .0) 
7 1 0  1 6  
(8. 7) (8.3) (I 1. 0J 
8 1 5  
(10.0) (12.0) (JO. OJ 
1 1  6 1 1  
(12.3) (10.3) (9.3J 
three efficiency scores is both positive and significant. Further the moving averages for 
the National Bank of Dubai consistently show the bank to be the most efficient. While 
the Arab Bank for Investment and Foreign Trade reveal poor performances in all three 
tables. These tables therefore highlight the need for cross-section analysis to be 
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augmented by time-series analysis when investigating bank efficiency. To do this, the 
Malmquist Index is introduced. 
5.2 Malmquist Index Analysis 
To investigate banks' productivity changes over time, a further useful instrument within 
the DEA framework called the Malmquist Index (MI) (Malmquist, 1953) is followed. 
The advantage of the MI is that it does not require a profit maximisation or cost 
minimisation assumption. Using panel data, the productivity changes can be 
decomposed into technical efficiency change, also called the catching up index, and the 
technological change, also called the changes in the best practice index. The linear 
programming technique of DEA is used to solve the computation of the distance 
function (Fare et al., 1994). The index is the product of two elements: the change in 
technical efficiency, or how close a bank can catch up with the most efficient bank(s); 
and technological change, or how much the most efficient bank's frontier shifts at each 
bank's observed input mix caused by innovations shocks. An index that is greater than 
one implies that total factor productivity progress has occurred, while an index less than 
one means that total factor productivity has fallen. The constant returns to scale 
technical efficiency change is decomposed into scale efficiency and pure (variable 
returns to scale) technical efficiency components. 
Results in Table 8 show UAE banks have improved in technological change and TFP 
between 1999 and 2003. It shows a positive, albeit small increase of 7.3% and 4.3% 
respectively. This could be due to the vast investment in e-commerce over this period. 
E-banking was first introduced in the UAE in 1996. Many banks gradually turned to e­
banking, among other services, to both lower their costs and retain existing clients and 
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attract new ones. Although UAE banks and customers have been slow in the uptake 
due mainly to security concerns by both banks and customers, evidence shows 
improvement in this technological change. 
TABLE 8: MALMQUIST INDEX SUMMARY OF ANNUAL MEANS 
Technical Technological Pure technical Scale Total factor 
Year efficiency change efficiency efficiency productivity 
change (TC) change change (TFP) 
(TEC) (PTEC) (SC) 
1999 1.034 0.975 1.027 1.007 1.008 
2000 0.971 1. 109 0.973 0.998 1.077 
2001 0.954 1.020 0.978 0.976 0.974 
2002 1.039 0.993 0.999 1.040 1.032 
2003 0.872 1.298 0.921 0.947 1. 132 
Geometric 
0.972 1.073 0.979 0.993 1.043 
Mean 
5.3 Tobit Regression Analysis 
The final stage of this research analyses five proxies which may contribute to the 
banking efficiency performance scores. Using the Tobit model six variables are 
regressed against the efficiency scores and is reported in Table 9. Regression is only 
carried out for 2003 due to lack of reliable data for the proxies for earlier years. Future 
research studies could use Tobit Regression Analysis over time. Results show a positive 
relationship between efficiency measures (the dependent variable) and the proxy of 
bank size, total assets. Suggesting the larger the bank the more efficient the bank will 
be, purely because of the economies of scale arguments. This is contrary to the findings 
of Isik and Hassan (2000) for Turkey, and Darrat et al. (2002) for Kuwait. However, 
the proxy for bank size, number of employees, shows a strong negative relationship, 
suggesting that banks with a large number of staff are inclined to be less efficient rather 
than more efficient. 
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TABLE 9: SECOND-STAGE TOBIT MODEL REGRESSION RESULTS 2003 
VARIABLES TE PTE SE 
(CRS) (VRS) 
Constant 0.964 1 0.82 1 7  1 . 1 567 
(4. 786***) (4.483 ***) (11. 448***) 
PROXY FOR BANK SIZE 
Total Assets 0.0002 0.0008 0.000 1 
(1. 084) (0. 496) (1.257) 
No. of Employees -0.0004 -0.0001 -0.0003 
(-1. 919*) (-0. 587) (-2.831 ***) 
PROXY FOR PROFITABILITY 
Net Income/Total Assets 3 .08 1 6  2.9673 0.4734 
(0.546) (0. 578) (0. 167) 
PROXY FOR MARKET POWER 
Deposits/Total Deposits -7 .6564 -2.6370 -5.0762 
(-0. 976) (-0. 369) (-1. 290) 
PROXY FOR RISK 
Capital Adequacy - 1 . 1 340 -0.3 1 1 5 - 1 .0294 
(-1.287) (-0.388) (-2.329**) 
PROXY FOR CAPITALISATION 
Total Equity 0.000 1 0.0001 0.0008 
(0. 1 75) (0. 032) (0. 421) 
Diagnostic tests 
Log likelihood function 8.5380 1 0.047 1 9.579 
Sigma 0. 1 4 1 9  0. 1 29 1  0.071 2  
(5. 657***) (5. 657***) (5. 657***) 
Notes: The numbers in parenthesis are t-statistics. 
*, **, *** Indicate statistical significance at 10%, 5% and 1%, respectively 
AE CE OE 
0.8673 0.8267 0.8272 
(7. 081 ***) (4. 103 ***) (4. 105***) 
0.000 1 0.0002 0.0002 
(0. 980) (1. 445*) (1. 440*) 
-0.0004 -0.0006 -0.0006 
(-3. 111  ***) (-3. 329***) (-3. 322***) 
5.9307 7.8756 7.8687 
(1. 729*) (1. 396) (1. 395) 
-5 .4086 - 1 1 .2903 - 1 1 .2678 
(-1. 134) (-1. 439) (-1. 436) 
-0.7087 - 1 .5378 - 1 .5406 
(-1.322) (-1. 745*) (-1. 748*) 
0.0003 0.0003 0.0003 
(1. 384) (0. 937) (0. 944) 
1 6.497 8.5364 8.5342 
0.0863 0. 1 4 1 9  0. 1 4 1 9  
(5. 657***) (5. 657***) (5. 657***) 
The proxy for profitability, that is net income/total assets, shows a positive, albeit weak 
relationship with efficiency scores. The interpretation suggests, the more profitable the 
bank, the more efficient the bank will be, on the assumption that greater efficiency 
translates into greater profits. The proxy for market power, individual bank's 
deposits/total deposits, reveal a negative statistical relationship, suggesting the more 
efficient banks are not necessarily the banks with the largest market share. This negates 
the assumption that market leadership results in enhancing greater efficiency. 
The proxy for risk, capital adequacy, also shows a negative relationship with efficiency 
scores. This suggests the banks are risk adverse which affects efficiency performance. 
The capital adequacy, the ratio between shareholders' equity and assets, is high by 
global standards. Since the crisis in the early 1990s, caused by an accumulation of 
failed debts following extended loans during the oil boom in the early 1980s, banks 
have heeded UAE Central Bank instructions by strengthening their reserves and 
tightening credit rules. The adequacy ratio acts as a proxy for banks' attitude to risk. 
In the face of global competition, the UAE banks are safeguarding their reserves and 
banks, with large market concentration power, are inclined to rely on loans which are 
less profitable but also less risky. The changing composition of loan portfolios and 
efficiency measures may be the result of critical obligations and compliance to be met 
for the Basel Core Principles and the WTO. 
Growth in total equity, the proxy for capitalization, shows a positive relationship with 
the dependent variable efficiency, that is, the higher a bank's capitalization ratio, the 
more efficient is its performance. This is consistent with Berger and Mester (1997) 
though contrasts with Darrat et al. (2002) for Kuwait for the period 1994 to 1998. 
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5.4 Policy Implications 
Despite overall growing profits in the banking industry, results reveal evidence of 
overbanking and cost inefficiency in the money market. In particular, evidence suggests 
that regulatory and not managerial policy implications are attributed to poor cost 
efficiency results. Interestingly, and contrary to the benefits of economies of scale, the 
most efficient banks are not always the largest banks. Further evidence identifies 
contributory structural reasons for UAE banking inefficiency such as extensive capital 
adequacy ratios. At a time of growing global competition, data transparency and 
compliance with the WTO, some individual banks need to address their financial 
positions to sustain profits and enhance future efficiency. 
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6.0 Conclusions 
The UAE banking and finance sectors are amongst the fastest growing in the financial 
world. Both foreign and UAE local banks have seen major growth over recent years and 
record profits. However, very little is known about the efficiency and performance of 
locally owned UAE banks. To-date there has been little research into this sector, partly 
because of the difficulty in obtaining suitable data. This research has attempted to lift 
the veil, to some extent, by creating a data set that enables important research into 
relative efficiency of UAE banks, particularly during this period of rapid growth in 
assets and profitability. Compliance with the IAS in 1998 dictates the starting date for 
comparative research. As more data become available, so samples size can be increased 
and inferences improved. In this research efficiency measures for 16 local, non­
Islamic, UAE commercial banks between the years 1998 to 2003 are examined using a 
DEA methodology which enabled the calculation of total factor productivity change 
over this period using Malmquist Index. Results fall into two categories: levels-based 
measures of OE, AE, TE and CE, and change-based measures of MI. Both sets of 
results reveal wide efficiency disparities amongst the UAE local banks. 
The levels-based measures show distinct economies of scale advantage of the five 
largest banks over the remaining local banks, though smaller banks, First Gulf Bank and 
Investbank perform relatively well. Nevertheless, the evidence presented supports the 
proposition that size matters. Bigger banks tend to be more efficient when measured by 
levels-based measures at specific points in time. Furthermore, the evidence from levels­
based measures also reveals market concentration and over-banking as two of the 
contributory factors towards poor efficiency results of some banks. The change-based 
MI measures indicate very little productivity change for the sector as a whole over the 
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five year period. Quite clearly the record profits experienced by the banks over this 
period could not be attributed to productivity improvements. It is only by undertaking 
both types of analysis that a clearer picture of bank productivity and efficiency emerge. 
Further evidence, using the Tobit Regression Model, also reveals market concentration 
and over-banking as two of the contributory factors towards poor efficiency results of 
some banks. Under the aegis of domestic regulations, profits are high, but not always 
their efficiency levels. 
UAE banks are entering a crucial stage of banking development. With a new banking 
law, originally anticipated in 2003 currently under review, and the compliance with the 
Basel II capital accord by December 2006, gradually banks are becoming exposed to 
more public scrutiny. This will eventually change traditional operational management 
practices in banking. The policy implications of the results reported in this study are 
clear. Mergers between some of the banks are inevitable. It is likely that smaller banks 
may merge with larger banks or amongst themselves as one solution to achieve 
improved efficiency performance and be better able to compete in a more global market. 
These results are objective and replicable multi-dimensional measures of banking 
system development. In a country that remains lacking in financial transparency and 
accuracy of data collection, the ability of several smaller banks to sustain future 
profitability levels, now depends on the reality of how efficient banks are in the face of 
future emerging global challenges. Identification of any aspects of inefficiency related 
to banks' structure has clear important operational decision making implications for 
future growth performances in the expanding competitive international environment of 
banking. 
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